Introduction
============

With the development of the Chinese economy and an improvement in living standards, lifestyles have recently changed and the incidence of tumors (particularly bone tumors) is higher than that previously reported ([@b1-ol-0-0-8881],[@b2-ol-0-0-8881]). Although sophisticated imaging techniques provide significant information for the diagnosis of bone tumors, tumor biopsies are essential for making the final diagnosis ([@b3-ol-0-0-8881]--[@b6-ol-0-0-8881]). Numerous biopsy methods can be used, such as a closed biopsy or an incision biopsy, which can increase the accuracy of a tumor diagnosis; however, these methods can result in complications such as bleeding and tumor spreading ([@b7-ol-0-0-8881]). With the development of biopsy techniques, the needle biopsy has become a popular method; it is currently used in clinical practice, as it can be performed easily and reduces trauma ([@b8-ol-0-0-8881]). However, it may result in local exudation due to puncture holes, tumor cell spreading or other complications. In order to reduce needle biopsy complications, we improved the method and designed blot closures to block the puncture holes in order to reduce local exudation. We have obtained a patent for this improved biopsy technique in China. In the current study, rabbits with VX2 bone tumors were used, as the VX2 tumor is an implantable malignant papilloma that can be inoculated into the lungs, liver, muscle or bone ([@b9-ol-0-0-8881],[@b10-ol-0-0-8881]). The VX2 rabbit bone tumor model has relevant biological characteristics that can be used to imitate human metastatic bone tumors ([@b11-ol-0-0-8881]). In the present study, the efficacy of a traditional biopsy technique and the improved biopsy method was compared in 20 rabbits with VX2 bone tumors by ultrasonography and pathological examination. The data showed that the improved biopsy method could reduce the rates of local exudation through puncture holes and tumor spreading.

Materials and methods
=====================

### Animals

A total of 20 New Zealand rabbits (female; 4--5 months; weighing 2--3 kg; the Laboratory Animal Farm of Chunle, Tianjin, China) were used for this study. The environment was kept at 25°C and humidity 50%. A 12/12 h light/dark cycle was maintained. Access to food and water was restricted (twice per day). The new biopsy and bolt closure instruments and metallic casing are our patented products, which are available for purchase from the Affiliated Hospital of Chengde Medical College (Chengde, China) ([Fig. 1](#f1-ol-0-0-8881){ref-type="fig"}). This study was performed in accordance with the regulations for the protection of animal and medical rights. The study was performed in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol has been reviewed and approved by the Institutional Animal Care and Use Committee of the Affiliated Hospital of Chengde Medical College (Chengde, Hebei, China).

### Production of VX2 tumor cell suspensions

The VX2 tumor cells (Jennio biotech company, Guangzhou, China) were injected into the left vastus lateralis of the rabbit for serial subcultivation, and Color Doppler ultrasonography (Medical Systems-LOGIQ9, GE Healthcare, Chicago, IL, USA) was used to assess the tumor. After 3 weeks, once the tumor size had reached a maximum of 2×2×2 cm, rabbits with VX2 muscle tumors were secured to the animal dissecting table subsequent to administration of anesthesia (sodium pentobarbital, 35 mg/kg) via the ear vein. An incision was made in the overlying skin and tissue, and then the VX2 tumor was resected. The tumor was resected carefully following elimination of necrotic and surrounding fibrous tissues, and then placed in phosphate-buffered saline (PBS) at 37°C. Next, the tumor was cut into 1×1×1-mm sections. Subsequent to the sections being centrifuged for 5 min at 3,960 × g at 20°C (centrifugal radius, 13.5 cm), the supernatant was removed. The pieces were again placed in PBS and centrifugation was repeated under the same conditions. A tumor cell suspension of 10^6^ cells/ml was ultimately prepared. All procedures were performed on a sterile bench. The tumor cells or tissue were stored in cryogenic refrigerator at −80°C until subsequent use. The size of any regrowth or metastasis was small, measuring \~0.5×0.5×0.5 cm.

### Preparation of the rabbit VX2 bone tumor model

A total of 20 rabbits were secured to the animal dissecting table after administering anesthesia (sodium pentobarbital, 35 mg/kg) via the ear vein. The hair on each lower extremity was removed, and then the surgical field was disinfected and outlined using sterile towels. An \~1-cm skin incision was made along the medial tibia stem epiphysis, and the muscle was separated to expose the tibial metaphyseal bone. A Kirschner wire (1.6 mm) was applied to puncture the tibial metaphyseal bone and then placed parallel to the long axis of the tibia. When the wire was passed through the marrow cavity at a distance of \~2 cm, the tumor cell suspension (0.3 ml) was transplanted into the tibia and the puncture hole was closed using bone wax, thus establishing the bone tumor model. This procedure was performed for each lower limb. Radiography (X-ray apparatus; model no. OEC9800; GE Healthcare) was performed on the tibias of each of the 20 rabbits every 7 days to assess tumor growth. Radiography performed 1 or 2 weeks after VX2 tumor cell transplantation showed that the tumors were growing slowly in the medullary space and that the cortices of the bones were not broken. Radiography performed in a preliminary experiment on additional rabbits revealed that in the third week the tumors grew rapidly and that the cortices of the bones were partially destroyed ([Fig. 2](#f2-ol-0-0-8881){ref-type="fig"}). The rabbit model of bone tumors at the second week was therefore used for further study.

### Improved biopsy technique to puncture VX2 bone tumors

A total of 20 rabbits with bone tumors were secured to the animal dissecting table after administering anesthesia (sodium pentobarbital, 35 mg/kg) via the ear vein. The hair on the lower extremities was removed, and the surgical field was disinfected and outlined by sterile towels. All the left tibial tumors were punctured with the improved biopsy method (the experimental group). When the puncture needle reached the tumor, the stylet was pulled out and the casing was maintained in a stable position; the needle was then inserted across the casing, and several pathological samples of the tumor were obtained. Bolt closures were implanted into the puncture holes through the casing after biopsy. All the right tibias were punctured using the traditional biopsy technique (control group), and the puncture holes were not blocked ([Fig. 3](#f3-ol-0-0-8881){ref-type="fig"}).

### Postoperative evaluation

Color Doppler ultrasonography was performed to assess the exudation of the puncture holes in the 20 rabbits after 1 h. After 7 days, the 20 rabbits were sacrificed via air embolism, after administering anesthesia (sodium pentobarbital, 40 mg/kg) via intraperitoneal injection, and soft tissues, which were 0.5 cm away from the puncture holes, were obtained. The tissues were cut into 2×2×2 mm sections, incubated in 10% formalin (25°C) for 12 h, then the tissue sections were placed into increasing alcohol gradient (75, 80, 90%) for dehydration. After 5 h, the transparent sections were put into molten wax and embedded. When embedded successfully, the wax block was cut into 5 µm-thick slices and fixed on the glass slide. When the section was de-waxed, the section was heated for 20 min at 60°C prior to being de-waxed. Then sections were placed in the xylol (100%) for 20 min, the section was then placed into the xylol (50%) for 5 min (25°C). The sections were the rehydrated in a descending alcohol series (100, 95, 90, 80 and 70%) for 5 min at room temperature. Hematoxylin-eosin staining of the soft tissue was performed (eosin, 0.5% for 3 min; hematoxylin, 1% for 5 min) at room temperature, and the samples were examined using light microscopy (magnification, ×20; Olympus-BX53, Olympus Corporation, Tokyo, Japan). The microscopic results were investigated by a pathologist in a blinded manner to determine tumor cell spreading.

### Statistical analysis

SPSS17.0 (SPSS, Inc., Chicago, IL, USA) was used for the statistical analysis. The exudation rate through the puncture hole in VX2 bone tumors and the tumor spread rate in the soft tissue near the puncture hole of the experimental and control groups were analyzed using χ^2^ tests. Theoretical frequency ([@b12-ol-0-0-8881]) (T~RC~=n~R~ × n~C~/n, where T~RC~ represents the theoretical frequency from the R row and the C column, n~R~ and n~C~ represent the total number of the R row and the total number of the C column, n=40) was calculated as T\>5, n=40, χ^2^=(ad-bc)^2^n/(a+b)(c+d)(a+c)(b+d); where a, b, c and d represent actual frequency with P\<0.05 considered to indicate a statistically significant difference.

Results
=======

### Imaging results

The success rate of the model was 100% for the 20 rabbits. After 1 h, color Doppler ultrasonography showed that all the closures covered the puncture holes; 5 cases in the experimental group showed a certain degree of exudation around the puncture holes, while 16 cases in the control group showed the same ([Fig. 4](#f4-ol-0-0-8881){ref-type="fig"}).

### Pathological results

After 2 weeks, pathological examinations showed that tumor cells were found in the soft tissue near the puncture holes in 7 cases in the experimental group and in 17 cases in the control group ([Fig. 5](#f5-ol-0-0-8881){ref-type="fig"}).

### Statistical results

The exudation rate through the puncture holes in the experimental group was significantly lower than that in the control group (25 vs. 80%; χ^2^=12.13; P\<0.05; [Table I](#tI-ol-0-0-8881){ref-type="table"}). The rate of tumor spread in the experimental group was significantly lower than that in the control group (35 vs. 85%; χ^2^=10.41; P\<0.05; [Table II](#tII-ol-0-0-8881){ref-type="table"}).

Discussion
==========

In recent years, cancer has become the leading cause of mortality among Chinese residents, and the incidence of bone tumors is higher than ever previously recorded ([@b2-ol-0-0-8881]). Tumor diagnosis depends on the clinical features of a tumor, including those observed on sophisticated imaging techniques and pathological analyses. However, a tumor biopsy is critical to make a final diagnosis. An accurate pathological diagnosis is important not only for choosing the appropriate treatment plan, but also for determining the disease prognosis ([@b13-ol-0-0-8881]--[@b15-ol-0-0-8881]).

The methods used to perform biopsies to remove bone tumor tissue include closed biopsies, incision biopsies and excision biopsies. The advantages of incision biopsies include obtaining a sufficient tumor sample and a high diagnostic accuracy ([@b16-ol-0-0-8881]). The disadvantages are bleeding and local tumor cell spread. Additionally, the incision may affect the subsequent surgical treatment. Closed biopsies include aspiration and needle biopsies ([@b17-ol-0-0-8881],[@b18-ol-0-0-8881]). A needle biopsy results in less trauma and bleeding, and it can be performed easily; hence, it is the most common method used by orthopedic physicians. The disadvantages of a needle biopsy are that a smaller tumor sample is obtained and that it has a lower diagnostic accuracy compared with incision biopsy. When the biopsy is completed, the physician must compress the puncture hole to arrest bleeding. As the aperture of the puncture hole is small, the tissue will heal naturally. Owing to the pressure difference between the tumor and the environment, tissue fluids will diffuse outside the tumor and may form hematomas, leading to tumor cell spread. Any biopsy technique destroys the tissue around the tumor, resulting in exudation or tumor cell spread ([@b6-ol-0-0-8881]--[@b8-ol-0-0-8881]). In the current study, the new biopsy instruments and bolt closures that aided in reducing biopsy complications are our patented products (Chinese patent no. 201310050606.1). The metallic casing serves a major role in physical isolation when it is inserted into a puncture hole. Bolt closures were implanted into the puncture holes through the casing after obtaining adequate tissue, thereby preventing tissue fluids from permeating through the holes, and thus, resulting in less local exudation and tumor spreading.

The rabbit VX2 bone tumor model was chosen in the current study due to its stable biological characteristics ([@b19-ol-0-0-8881]--[@b21-ol-0-0-8881]). A preliminary study in the rabbits using radiography showed that the tibial bone tumors were growing slowly in the medullary space 1 and 2 weeks after VX2 tumor cell transplantation, and that the cortices of the bones were unbroken (data not yet published). Radiography at the third week showed that the tumors were growing quickly and that the cortices of the bones were partially destroyed; however, there were no evident masses in the surrounding soft tissues ([@b22-ol-0-0-8881]). These results were verified in the current study. The 2-week model was used in this study to eliminate the effect of the tumor on the surrounding soft tissue and to ensure the reliability of the results. Experimental results were compared using the χ^2^ test; all tested differences were statistically significant, indicating that the improved biopsy method can prevent local exudation and tumor spreading.

In conclusion, the improved biopsy technique not only results in physical isolation of the puncture hole, but also blocks the holes. The bolt closure is made of a polymer that can be implanted into the human body and is steadily fixed into the holes to prevent local bleeding and tumor spread. The preliminary experiment of the present study demonstrated that this improved biopsy technique could lessen the exudation of puncture holes in the ilium. In future, the improved biopsy technique should be continuously improved and verified. Furthermore, it provides a solid foundation for future clinical applications.
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![(A) Puncture instrument and (B) bolt closure.](ol-16-02-2299-g00){#f1-ol-0-0-8881}

![X-Rays of the tibia bone tumor of the rabbits at the first, second and third week after the VX2 tumor cells were transplanted. (A) The tumor is growing slowly in the medullary space, but the cortex of the bone is unbroken at the first week. Arrows indicate the tumor. (B) The area of the tumor destruction is larger in the second week, as indicated by the arrows. (C) The tumor is growing quickly and the cortex of the bone is destroyed partly at the third week. Arrows indicate the area of the tumor destruction.](ol-16-02-2299-g01){#f2-ol-0-0-8881}

![Operational process of the improved biopsy technique: 1, the metallic casing with stylet is inserted in the VX2 bone tumor; 2, the stylet is pulled out, and the casing is kept stable; 3, the needle is used to obtain the tumor tissue across the casing; 4 and 5, the bolt closures are implanted into the puncture holes through the casing after the biopsy.](ol-16-02-2299-g02){#f3-ol-0-0-8881}

![Representative images of exudation. (A) A certain degree of exudation (arrows) around the puncture holes in the rabbits of the control group. (B) No exudation around the puncture hole after implantation of the bolt closure (arrow).](ol-16-02-2299-g03){#f4-ol-0-0-8881}

![Pathological results. (A) There are no tumor cells in the muscle tissue near the puncture hole in the experimental group, only normal muscle cells (HE staining; magnification, ×20). (B) Tumor cells are present in the muscle tissue near the puncture hole in the control group; the tumor cell volume is large, with irregular cell shapes, karyomegaly, mitotic figures in certain cells and marked nucleoli staining (HE staining; magnification, ×20). HE, hematoxylin and eosin.](ol-16-02-2299-g04){#f5-ol-0-0-8881}

###### 

Comparison of the exudation rate of the puncture holes in the VX2 bone tumors between the experimental and control groups.

  Group          Exudation, n   No exudation, n   Total rabbits, n   Exudation rate, %
  -------------- -------------- ----------------- ------------------ ---------------------------------------------------
  Experimental     5            15                20                 25.0
  Control        16               4               20                 80.0^[a](#tfn1-ol-0-0-8881){ref-type="table-fn"}^
  Total          21             19                40                 52.5

n=40 tumors from 20 rabbits. Theoretical frequency \>5, χ^2^=12.13, P\<0.05.

###### 

Comparison of tumor the spreading rate in the soft tissue near the puncture holes in the VX2 bone tumors between the experimental and control groups.

  Group          Spreading, n   No spreading, n   Total rabbits, n   Spreading rate, %
  -------------- -------------- ----------------- ------------------ ---------------------------------------------------
  Experimental     7            13                20                 35.0
  Control        17               3               20                 85.0^[a](#tfn2-ol-0-0-8881){ref-type="table-fn"}^
  Total          24             16                40                 60.0

n=40 tumors from 20 rabbits. Theoretical frequency \>5, χ^2^=10.41, P\<0.05.
